The main objective of this work was to use the Differential Scanning Calorimetry (DSC) and FTIR spectroscopy to study the possible drug-drug or drug-excipient (s) interaction in case of concomitant oral administration of paracetamol with the most common used antibiotics for children. Amoxicillin, azithromycin, cefuroxime axetil and their commercially available suspensions, Amoxil ® , Azithromax ® and Zinnat ® were used. DSC curves for paracetamol, pure antibiotics, commercially available antibiotics and all binary mixtures used in this study showed drug-drug or drug-excipient (s) physical interaction and indicated a possible chemical interaction. To confirm chemical drug-drug or drug-excipient (s) interaction additional ATR-IR spectra for all samples used in this study were obtained. Results obtained from ATR-IR spectra showed drug-excipient (s) interaction in Zinnat ® , Azithromax ® and binary mixture Azithromax ® -paracetamol, while chemical drug-drug interaction was not observed. From this study it can be concluded that the concomitant oral administration of paracetamol with commercially available antibiotics used in this study is not recommended and duration of two hours between the oral administrations of these drugs is strongly recommended to avoid drug-drug or drug-excipient (s) interaction.
Introduction
There are three classes of drug incompatibilities: therapeutic, physical and chemical. Therapeutic incompatibilities are the modification of the therapeutic effect of Compatibility studies are usually aimed at identifying the most common incompatibility, for example, an incompatibility in dosage form can be identified as any of the following changes: change in appearance, decrease in potency, loss in mechanical properties, changes in dissolution profile, loss through sublimation and increase in degradation products [4] [5] [6] [7] . A number of experimental techniques (i.e., DSC, X-ray powder diffraction, optical and Electron Microscopy, FT-IR spectroscopy, etc.) have been used to investigate the interaction between drug and excipients [8] [9] [10] [11] [12] . Differential Scanning Calorimetry is a quick technique to investigate excipient-drug incompatibility derived from the appearance, disappearance or shifts of peaks and/or variation in the corresponding ∆H (enthalpy of transition). Recent study showed that the decrease in the dissolution rate of ibuprofen in ternary interactive mixture was due to the incompatibility of ibuprofen with lactose and polyvinylpyrrolidone. [13] . Previous studies showed an increase in drug dissolution by complexation with cyclodextrin corresponded with increase oral bioavailability of griseofulvin and spironolactone; but not of naproxen and tolbutamide [14] [15] [16] [17] . In one another study it was reported that release of diclofenac sodium from matrix was inhibited by polymer chitosan via formation of ionic complex between diclofenac sodium and cationic polymer [18] .
Antibiotics are compounds that are used to treat infection caused by bacteria and fungi. They are very useful medications used to treat bacterial infections in children, including pneumonia, septicemia, ear infection, skin infection and meningitis. In general practice, antibiotic drug use is highest among children and approximately 70% of all antibiotics in children are prescribed for upper respiratory tract infections. Infections almost associated with fever in children, fever might rise very quickly or it might come on slowly and rise over a few days [19] [20] [21] . Doctors usually describe an antibiotic with an antipyretic drug for children and the common practice of oral administration is to administer both formulations at the same time. The suspension form is the most common formulation for antibiotics used for children present in the market and the syrup form is the most common formulation for antipyretic present in the market, 
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Methods
Preparation of Samples
The samples were prepared by weighing 10 mg from a mixture of paracetamol/ Pediatric suspension (1:1 w/w) and placing it in a glass vial. The glass vial was initially turned over several times to prevent the particles from sticking to the sides of the vial and then shaken vigorously for 3 min by hand.
Differential Scanning Calorimetry (DSC)
The thermal profiles of all materials and mixtures used in this study were measured by DSC-60 (Shimazo, Japan) using 4 -6 mg of sample in open aluminum pans, with empty pan as a reference. The temperature increased with a heating rate of 10˚C /min from 30˚C to 250˚C under a nitrogen gas flow.
FT-IR Spectroscopy
Diamond ATR-IR spectra for paracetamol, amoxicillin, azithromycin, cefuroxime, Amoxil . Background spectra were obtained and subtracted from each sample IR spectra.
Results and Discussion
As shown in Figure 1 pure amoxicillin exhibits a first endothermic peak appeared at 108.1˚C (∆H = -339.05 j g w/w) showed that the addition of pure paracetamol (melting peak 170.5˚C) to amoxicillin produced disappearance of the two endothermic peaks of amoxicillin ). The addition of paracetamol to azithromycin produced a decrease in the endothermic peaks of azithromycin to 85.5˚C and 123.9˚C with disappearance of exothermic peak. Also the melting peak of paracetamol was reduced from 170.5˚C to 160.9˚C indicating a strong interaction between azithromycin and paracetamol. DSC curve for Azithromax ® suspension (commercially available suspension of azithromycin for children) was completely different from pure azithromycin due to the presence of excipients. DSC curve for Azithromax ® suspension showed that the second endothermic peak at 125.6˚C was disappeared; also, new peaks at 69.5˚C, 108.7 ˚C, 190.4˚C and 224.6˚C were appeared due to the presence of excipients in Azithromax ® suspension. Figure 2 showed that the addition of paracetamol to Azithromax ® suspension (1:1 w/w) produced a decrease in all endothermic peaks and an appearance of a broad curve with three peaks indicating an interaction of paracetamol with the excipient (s) present in Azithromax ® suspension. DSC curve for cefuroxime axetil showed three endothermic peaks at 85.8˚C, (∆H = −5.83 j g ) which indicates that the pure drug was polymorphs (Figure 3) . The binary mixture of paracetamol and cefuroxime axetil (1:1 w/w) showed an increase in the first and second endothermic peaks to 86.3˚C and 122.1˚C, respectively, while the third endothermic peak was reduced to 155.8˚C, indicating an interaction between paracetamol and cefuroxime axetil. The DSC for Zinnat ® (commercially available suspension of cefuroxime for children) showed new additional endothermic peaks at 57.1˚C and 218.5˚C due to the presence of excipients in the formulation. , respectively. The ATR-IR spectra for the mixture of cefuroxime axetil/paracetamol (1:1 w/w) showed all characteristic peaks of both drugs without any significant shift indicates the absence of drug-drug interaction in solid state.
The ATR-IR spectra ( Figure 6) It is important to note that the three commercial products Amoxil ® , Azithromax ® and Zinnat ® containing deferent types of excipients as shown in Table 1 .
The large number of additives present in the products used in this study enhances the possibility of drug-excipient (s) interaction between paracetamol and excipient (s) present in the pediatric suspension of antibiotic.
Conclusion
The DSC curves for the mixtures of paracetamol with most common used antibiotics for children (pure or commercially available suspensions) showed physical interaction. While chemical interaction in solid state (drug-excipients) was observed by FTIR for Zinnat ® (cefuroxime-excipients), Azithromax ® (azithromycinexcipients) and mixture of Azithromax ® -paracetamol (paracetamol-excipients interaction). Results obtained from FTIR showed that drug-drug interaction was not occurring. However, physical or chemical interaction in case of concomitant oral administration of paracetamol with most common used antibiotic for children may affect the physicochemical properties, dissolution rate, solubility, absorption and bioavailability for one or for both drugs. From this study it can be concluded that the concomitant oral administration of paracetamol with antibiotics used in this study is not recommended and duration of two hours between the oral administrations of these drugs is strongly recommended to avoid drug-drug or drug-excipient (s) interaction.
